Hole is a novel gene product isolated from a chick heart subtractive hybridization. Hole is a six-transmembrane protein (predicted size 311 and 317 amino acids in chick and mouse) expressed in the cardiac crescent and later in the myocardium of the developing chick heart, as well as in the fusing neural tube and ganglia. Mouse hole is not expressed in the developing heart, although it does share neural expression seen in the chick. q
Results

Cloning of chick and mouse hole
Hole is a novel gene product isolated from a polymerase chain reaction (PCR)-based subtractive hybridization designed to isolate messages expressed at high levels in the chick embryonic heart (Reese and Bader, 1999) .
Two independent clones were isolated from a stage 11 chick cDNA heart library and sequenced. The clones were novel and spanned a total of 3.6 kb, including a 960 bp open reading frame (ORF), followed by an 800 bp 3 0 UTR containing a poly-adenylation signal sequence, and preceded by a 1.8 kb 5 0 UTR (GenBank accession number AF488728).
Reverse transcriptase PCR (RT-PCR) (results not shown) performed on heart RNA using several primers specific to the large 5 0 UTR proved that this 5 0 region was indeed included in the message. In addition, a genomic cosmid clone was sequenced and contained the entire hole cDNA in one intronless exon. cDNA clones were isolated from a mouse embryonic D 14 heart cDNA library that contains a 1.2 kb ORF and a 400 bp 3 0 UTR (GenBank accession number AF488729).
Additionally, a mouse genomic clone revealed that 1.6 kb was present as one exon minus 27 bp 5 0 . Mouse genomic databases determined that the 5 0 -27 bp were 2 kb upstream of the original exon. The assembled human sequence includes a 960 bp ORF and a 108 bp 3 0 UTR.
Predicted translated products of chick, mouse, and human hole share a conserved potential methionine start site and coding sequence for 311, 317, and 318 amino acids (Fig. 1) . Transmembrane prediction programs predict with 80-100% probability that the hole protein contains six transmembrane spanning regions and an 87 amino acid c-terminus. While the number of transmembrane domains most closely resembles that of calcium and potassium channels, a large loop is present between transmembrane domains 4 and 5 of hole, while these channels typically have a large p-loop in between domains 5 and 6 (reviewed by Lehmann-Horn and Jurkat-Rott, 1999) . Because this novel protein mostly consists of numerous transmembrane domains and there are no other known domains or signals that would suggest protein function, the name hole is representative of the protein forming a hole in the membrane.
Northern blot analysis, whole mount and radioactive in situs
Northern blot analysis using a 200 bp-hole chick cDNA probe revealed two messages, sized 3.6 and 3.3 kb, in heart tissue, while only the larger message was detected in the brain (Fig. 2) .
Using whole mount in situs on stages 4-25 chick embryos, expression is first seen at stage 4 in the anterior lateral heart-forming region of the embryo (data not shown). Expression becomes more restricted to the cardiac precursor cells and the head fold in stages 4-6, and is later seen at the advancing edges of the fusing neural tube (data not shown). As the heart tube fuses, hole RNA is detected in both atria and ventricles (Fig. 3A) . Radioactive in situ hybridizations detected hole RNA throughout the myocardium of the heart during the stages shown ( Fig. 3F-J) .
Hole RNA was also widely distributed in the fused neural tube and ganglia ( Fig. 4A-E) . The expression of hole is also seen in the limb bud of the stage 22 embryo and later in the dorsal-lateral region of the limb (Fig. 4F-H) . Hole expression in cardiac myocytes and nerve cells is consistent with a conserved function between these electrically excitable cells.
The expression of hole in the mouse was examined in 8.5-12.5 dpc embryos by whole mount in situ hybridization (Fig. 5) . There was no expression of hole in the heart throughout these stages. However, the mouse displayed a strong neural expression pattern, as seen in the chick. From the earliest stage examined, hole expression is seen in the neural tube, especially the fusing edges of the neural tube Fig. 2 . Northern blot analysis of day 10 chick heart, brain, liver, gizzard and skeletal muscle tissue probed with 200 bp hole cDNA. Fig. 3 . The expression of hole in the developing heart in stage 12 to day 7 chick embryos. Expression is observed in the heart (h) (white arrowhead), surrounding eye (e) (white arrow), din patches in the mid-hind brain region (yellow arrowheads). ( Fig. 5C, D) . Additional expression in observed in the early limb bud as well as the interdigit tissue of the stage 12.5 limb. The variation of expression of hole in chick and mouse may reflect species-specific variation in gene expression, or that unidentified isoforms of this gene product may exist.
Material and methods
A PCR-based subtractive hybridization and Northern blot analysis were carried out as described previously (Reese and Bader, 1999) . Whole mount and radioactive in situ hybridi- 
